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suMMARY

An investigationofthreeNACAl-seriesnoseinlets,twoofwhich
werefittedwithprotrudedcentralbodies,wasconductedinthe
Langley8-foothigh-speedtunnel.An elliptical-nosebody,whichhada
criticalMachnumberapproximatelyequalto thatof oneofthenose
inlets,wasalsotesteal.Testsweremadenearzeroangleofattackfor
a Machnumberrangefrom0.4to 0.g2~andforthesupersonicMach
ntier of1.2. Theinlet-velocity-ratiorangeextendedfromzeroto
a msximumvelueof1.34. Measurementsincludedpressuredistribution,
externaldrag,andtotal-pressurelossoftheinternalflownearthe
inlet.Dragwasnotmeasuredforthetestsat thesupersonicMach
number.

Overtherangeof inlet-velocityratioinvestigated,thecalculated
externalpressure-dragcoefficientat a Machnumberof1.2wascon-
secutivelylowerforthenoseinletsofhighercriticalMachnumber,
andthepressure-dragcoefficientofthelongestnoseinletwasinthe
rangeofpressure-dragcoefficientfortwosolidnosesoffineness
ratio2.4and6.0. ForMachnumbersbelowtheMachnumberofthe
supercriticaldragrise, extrapolationof thetestdataindicatedthat
theexternaldragofthenoseinletswaslittleaffectedby theaddition
of centralbodiesator slightlybelowthemininnminlet-velocityratio
forunseparatedcentral-bodyflow. Theadditionof centralbodiesto
thenoseinletsalsoledtono appreciableeffectson eithertheMach
numberofthesupercriticaldragrise,or,forinlet-velocityratios
highenoughto avoida pressurepeakattheinletlip,on thecritical
Machnumber.Thetotal-pressurerecoveryoftheinletstested,which
wereof a subsonictype,wassensiblyunimpairedat thesupersonicMach
numberof1.2. Low-speedmeasurementsoftheminimuminlet-velocity
ratioforunseparatedcentral-bodyflowappeartobe applicableforMach
numbersextendingto1.2.

.

%upersedesrecentlydeclassifiedNACARML9L23a,1970.
.
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INTRODUCTION .

Thedevelopmentof a seriesofnoseinletsforapplicationto high- -
speedaircraftisreportedinreference1:..Thisseriesofnoseinlets,
designatedastheNACA1-series,T- inv-tifwtedlater(reference2)
withprotrudedcentralbodiessuitableforpropellerspinnersor
accessoryhousings.Sincethetestsofreferences1 and2 werecon-
ductedprincipallyat lowspeeds,high-speedcharacteristicswerepre-
dictedfromlowMachnumberdata.

A subsequentinvestigationhasthereforebeenundertakenforthe
purposeof studying theaerodynamiccharacteristicsofNACAl-series
noseinletsat supercriticalspeeds.Thesurfacepressure-distribution
audexternal-dragcharacteristicsofthreerepresentativenoseinlets
oftheseriesarereportedinreference3 forMachnumbersextendingup
to o.g25.Thepresentpaperreportsforthesenoseinletsa studyof
additionalpressuredistributionsenda studyoftheeffectsof several
protrudedcentral.bodiesontheexternalpressuredistribution,the
externaldrag,andthetotal-pressurelossesoftheinternalflow. The
nose-inletpressuredistributionsweremeasuredforMachnumbersof
approximately0.4,0.8,and1.2,andcentral-bodyeffectswereinvesti-
gatedfora rangeofMachnumberfrom0.4to0.%5 andat a Machnumber “
of 1.2?.An elliptical-nosebodywasalsotestedforthepurposeof
comparingthepressuredistributionofanNACAl-seriesnoseinletwith
thatof a solidstreamlinenoseattransonicspeeds.

.

SYMBOLS

A

cDe

c%?
D

Fe

H

ductarea

externaldragcoefficient,basedonmaximumnose-inlet
frontalarea

externalpressure-dragcoefficient,basedonmaximumnose-
inletfrontalarea

nose-inletmaximumdiameter

resultantofpressureforcesactingon externalsurface}
positiveindragdirection “

resultantofpressureforcesactingon Internalsurface,
positiveindragdirection

totalpressure
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total-pressure
station

decrementfromfreestreamto inletrake

internalmass-flowrate

Machnumber

criticalMachnumber,free-streamMachnumber
localsonicvelocityisfirstattained

staticpressure

P - Pcj
pressurecoefficient,~

criticalpressure
Machnumberof

dynamicpressure,

%0

coefficient,
1.0

&

corresponding

radius,measuredfromnose-inletcenterline

nose-inletlipradius,in.

atwhich

radiusofnose-inlet’diffuserwallat entrance

to local

rake
station,measuredfromnose-inletcenterline

radiusof centralbody,measuredfromnose-inletcenter-.
line

velocity

axialdistance

axialdistmce

from

from

inletstation,positive

noseof ellipsoid,in.

rearward,in.

ordinatemeasuredperpendicularto referenceline,in.

averagetotal-pressure-losscoefficient,~~%(HflPo/)W

angleof attackofnose-inletcenterline,deg

angleofnose-inletdiffuserwallmeasuredfromreference
line(fig.3)

airmassdensity
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Subscripts:

o freestream

1 nose-inletentrance

d inletrakestation

3 Jet

APPARATUSANDTESTS

TheinvestigationwasmadeintheLangley8-foothigh-speedtumnel
andinvolvedtheuseoftwodifferenttestsectionsandmodelsupport
systems.Onearrangement(describedinreference3) consistedof a
sting-strutsupportsystemmountedintheconventionalsubsonictest
section.A photographofthisinstallationisgivenas figurel(a).
Theotherarrangementconsistedofthemodelsupportsystem,shown
schematicallyinfigurel(b)tiththemodelsmountedinthe1.20(nominal)
Machnumbersupersonictestsection.Thesupersonictestsectionhad
a circularcrosssectionwitha dismeterof approximately94 inches.
Machnumberdistributionsalongthecenterlinewiththetunnelempty

*

aregiveninfigure2.
.

Models.-ThethreeNACAl-seriesnoseinletstestedaredes@ated,
afterthemethodofreference1, astheNAC!A1-65-050,NACA1+O-1OO,
andI?ACA1-40-200noseinlets.Theseinletsrepresenta critical-speed
crosssectionoftheNACAl-seriesnoseinlets.DesigncriticalMach
numberanddesign(minhmm)inlet-velocityratiomeasuredforthesenose
inletsinthelow-speedtestsof reference1 aregiveninthefollowing
table:

NACAnoseinlet Mcr (vl/vo)m~n

1-65-050 0.700 0.18

1-50-100 .795 .20

1-40-200 .875 .40

Thenose-inletmodelsusedinthepresentinvestigationwerepreviously
usedinthetestsof reference3. Twoof theseinlets,the
NACA1-65-050andNACA1+O-1OOnoseinlets,weretestedwithcentral
bodiesrepresentativeofpropellerspinnersoraccessoryhousings. .

.



. Thetestsalsoincludedan ellipticalnosewhichconsistedofhalfan
ellipsoidof finenessratio(maJor-to-minor-sxisratio)2.4. The
criticalMachnuniberof thisnosewasapproximatelyequalto thedesign

. criticalMachnuniberof theNACA1-50-100noseinlet.A drawingof the
modelcombinationstestedis showninfigure3, andthecentral-body
ordinatesaregiveninfigure4.

Thecentral-bodydisznetersat theinletweresuchas toraisethe
inlet-velocityratiofromthedesignminimumvaluefortheopennose
inletto approximately0.35atthenose-inletdesignmass-flowrate.
CentralbodiesA andD, whichweretestedwiththeNACA1-65-050and
NACA1-50-100noseinlets,respectively,wereellipsoidswitha major-
to-minor-axisratioof 3. Inadditionto theellipticalcentralbody,
twoconical-typecentralbodies, designatedas centralbodiesB andC,
werealsotestedwiththeNAC!A1-6.5-oxnoseinlet.Thesecentral
bodieshad600conicalnosesandwereof equaldiameterattheinlet,
butdifferedintheamountofprotrusionandinthemannerinwhichthe
conicalsurfacewasfairedintothesurfaceof zeroslopeat theinlet.
Thetransitionsurfaceswereof a parabolicprofileforeachcentral
body,butthedistancefromtheinletto thepointof tangencyof the
conicalsurfaceandtheparabolicsurfacewassetequalto theinlet-
annuluswidthforcentralbodyB amlto twicetheinlet-annuluswidth
forcentralbodyC. Forbothconicalcentralbodies,thesxisofthe
parabolicportionoftheprofilewascontainedintheinletplane.

Testsin subsonictestsection.-Forthetestsinthesubsonic
testsection,thenoseinletsweremountedon theNACA111afterbody
showninfigure5(a),whichwaspreviouslyusedinthetestsofrefer-
ence3. Datawererecordedfora rangeofMachnumberfromapproxi-
mately0.4to 0.925.ThecorrespondingReynoldsnumberrange,basedon
nose-inletmsxtiumdiameter,extendedfromapproximately610,000
to 940,000(reference3). Theangleof attackwasnearzero,butvaried
amongthe.modelsfrom-0.3°to O.1O.

Thesamemeasurementsreportedinreference3 weremadeduringthe
testsinthesubsonictestsection.Nose-Wet pressuredistribution
wasmeasuredby a rowofpressureorificeson theuppersurfacelying
ina verticalplanethroughtheaxis,andtheexternaldragwasmeasured
by awake-surveyra,ke(fig.l(a)).Inlet-velocityratiowascalculated
frommeasurementsmadewitha rakeof total-pressureandstatic-pressure
tubeswhichspanneda venturithroatintheinternal-flowductingas
describedinreference3. Theminimumvalueof theinlet-velocityratio
forthetestsinthesubsonictestsectionwaszeroendthemaximum
value,whichdependedon theMachnumberandmodelconfiguration,was
approximately0.6.

Testsin supersonictestsection.-Forthetestsinthesupersonic
testsection,themodelsweremountedona 3.5-inch-diametertube
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suspendedalongthesxisofthetunnel, as showninfigurel(b). The
connectingmembersbetweenthistubeandtheinletmodelsareshownin
figure5(b). Inadditionto testsat a Machnumberof1.2,(Reynolds
number,approximately980,000)testswerealsomadeinthesupersonic
testsectionatMachnumbersof approxbately0.4and0.8,forwhich
Machnumbergradientsat themodelweresmall(fig.2). Alltestsin
thesupersonictestsectionweremadeat zeroangleofattack.

.

.

Measurementsofnose-inletpressuredistribution,internalmass-
flowrate,andtotal-pressurelossneartheinletweremadeduringthe
testsinthesupersonictestsection.As showninfigurel(b),the
internalflowwasductedthroughthe3.5-inch-diametertubelocated
alongthetunnelaxis,andexhaustedthrougha throttleintothetunnel
diffuser.Inlet-velocityratiowascalculatedfrommeasurementsmadewith
a rake-oftotal-pressureandstatic-pressuretubesintheventurithroat
showninfigure5(b).Theinlet-velocity-ratiorangeofthesetests
extendedfromzeroto a maximumvalueof1.34. Total.pressurenearthe
inletwasmeasuredfortheNACA1.65-050andNACAl-~-100nose-inlet-
central-bodycombinationsby total-pressurerakesmountedatthestations
indicatedinfigure3.

‘METHODSANDPRECISION

.
Thevaluesof inlet-velocityratiogiveninthispapersrenominal

valuescalculatedfromthemassflowandinletarea. Isentropicflow
wasassumedfromthefreestreamto theinletforsubsonicMachnumbers,
anda normalshockwasassumedaheadof theinletforthesupersonic
Machnumber,withisentropi.cflowfromtheshockto theinlet.These
assumptionsarevalidfornoseinletsundertheconditionsofthetests
reportedherein,buttheflowenteringtheinletofnose-inlet- central-
bodycombinationswithoutboundsry-layercontroldepartsappreciably
fromisentropicconditions.However,forthecombinationsof iriLet-

——

velocityratioandinlettotal-pressurelossofthesetests,an analysis
showedthatthelargesterrorinthecalculatedvalueoftheinlet-“
velocityratiocausedby neglectingtheinlettotal-pressurelosswas
approximately0.02.

Condensationofwatervaporinthetestsectionwaspresentdurimg
someofthetestsatthesupersonicMachnumber.Thiscondensation
reducedthetestMachnumberby approx@ately0.02. Themaximumeffect
oftunnel-wallconstrictiononthetestMachnuniberat subsonicMach-
nuniberswaslessthan1 percent.Becauseofthesmallmagnitudeof
condensationandwind-tunnel-wallcorrectionstothedataofthesetests,
no correctionshavebeenapplied.
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.

Alldatawereobtainedinthetestsfrompressuremeasurementsand
themostlikelysourceoferrorinthemeasurementsresultedtromthe
practiceofreadingthemanometer-liquidheightto thenearestmanometer
scalegraduation.Themaximumerrorinpressurecoefficientcausedby
thispracticewasatthelowesttestMachnumberandwasapproxi-
mately*O.005.Theerrorh dragcoefficient,whichwasa functionof
Machnumberandwakewidth,waslessthanapproximately*6percentat
thelowestMachnumber,*2 percentat thecriticalMachnumber,and
*4 percentat thehighestsubsonicMachnumberandwake-widthcondition
ofthetests.

Thecomputationof inlet-velocityratiowasleastaccurateatthe
lowestinlet-velocityratios,lowestMachnuniber,andfortheinletof
theleastarea. Accordingly,at inlet-velocityratiosof 0.1andlower,
thecalculatedvaluesof inlet-velocityratiocouldhaverangedfromO
to 0.2;whereasat inlet-velocityratiosof 0.3andhigher,theerror
in inlet-velocityratiowaslessthanapproximately*Oo040These
errorsin inlet-velocityratioarebelievedto haveno significanteffect
ontheconclusionsofthispaper.

RESULTSANDDISCUSSION

NoseInlets

Surfacepressuredistributions.-Thesurfacepressuredistributions
presentedinfigure6 weremeasuredduringthetestsinthesupersonic
testsection.Negligibledifferenceswerefoundbetweenthepressure
distributionsmeasuredat mbsonicMachnumbersduringthesetestsand
thosemeasuredat comparableMachnumbersandinlet-velocityratiosfor
themodelsupportsystemwhichwasusedforthetestsinthesubsonic
testsection.Thepressuredistributionsoffigure6 forsubsonicMach
numbersarethereforevalidfornoseinletsmountedon sfterbodies
similarto theafterbodyusedforthetestsinthesubsonictestsection.

Thesubsonicnose-inletpressuredistributionsoffigure6 arein
essentialagreementwiththepressuredistributionsdiscussedinrefer-
ence3. Somemodificationstothedis~ssionofthecharacteristicsof
theNACA1-65-050noseinletinreference3 arenecessary,however,as
a resultof dataobtainedwithan additionalpressureorificeusedin
thepresenttests.Itwasstatedinreference3 thatthepressurepeak
inducedat thelipoftheNACA1-65-o5onoseinletby lowinlet-velocity
ratiosat lowMachnumberswasabsentat andabovethecriticalMach
number.As showninfigure6(a),however,a pressurepeaknearthe
inletlipisindicatedby theadditionalpressureorifice@= 0.06)at

—
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zerainlet-velocityratioforthesupercriticalMachnumberof0.81.
.

Thereductionof inlet-velocityratioto zerohasthereforemoreeffect
onthecriticalMachnumberoftheNACA1-65-050noseinletthanwas
indicatedinreference3.

.
Becauseof thel~ted nuniberofpressure

orificesavailableonthesmall-scalemodelsofthetests,critical
Machnumbercannotbe accuratelymeasuredforconditionsforwhichthe
lowestsurfacepressureexistsas a sharppeak. Fortunately,however,
lmowledgeofthecriticalMachnumberat lowinlet-velocityratiosfor
theNACAI-65-050noseinletisrelativelyunimportantinasmuchasthe
hag measurementsofreference3 showedforthisnoseinletnoeffect
of inlet-velocityratioontheMachnuniberof thesupercrfticaldrag
rise,and,furthermore,onlya smalleffectof inlet-velocityratioon
dragcoefficientwasshownthroughouttheMachnumberrangeofthetests.

At inlet-velocityratiosforwhichthepressuregradientis
favorablefromthenose-inletlipto themaximumdiemeter,thepressure
distributionsofallthreenoseinletsat thesupersonicMachnumber
(figs.6(a),6(e),and6(g))aresomewhatsimilartothepressure
distributionsforsubcriticalMachnumbers.However,thepressuresfor
thesupersonicMachnumberaremorepositiveovertheforwardpartof
theidkt,andthepositionofthenegativepeak-pressurecoefficient
endthepointatwhichthepressurecoefficienthasreturnedto zero
havemovedfartherrearward. l%omthepointofminimumpressurenear
thenose-inletmsxhmmdiameter,theflowisgraduallyrecompressedto
free-stresnpressure.

ThemaximuminducedvelocitiesatthesupersonicMachnumbervary
withnose-inletproportionsinthesamemaimeras forsubsonicMach
numbers:themaximuminducedvelocityislowerforthenoseinletsof
highercriticalMachnumber.Thereductionoftheinlet-velocityratio
to zeroledto a pressurepeakat theinletliponlyforthe
NACAl-ko-manoseitiet.

4

A comparisonofthepressurecoefficientsontheellipticalnose
andtheNACA1-50-100noseinletat selectedinlet-velocityratiosis
showninfigure7 withthepressuresplottedat equaldistancesfrcm
themaxbmm-diameterstation.Althoughtheshapesofthepressure
distributionsforwardofthepointofmaximuminducedvelocitysre
shnilar,thepressuresoverthenoseinletaremorepositivethanthose
fortheellipticalnoseinthisregion.Thecompressionoftheflow
rearwardfromthepointofmaximuminducedvelocityappearstobe some- —

whatmorerapidfortheellipticalnoseat thetwosubsonicMachnumbers
anddistinctlymorerapidatthesupersonicMachnumber.

Supersonicpressuredrag.-Externalnose-inletpressuredraghas
beenevaluatedfromthesupersonicpressuredistributionsof’thenose f.
inlets.Theexternalpressuredragofa noseinletisobtainedby
considerationofa hypotheticalbodyconsistingofthenoseinletwith .



NACATN3436 9

. a long,taperingafterbody,thetaperbeingsogradualthatthe
pressureonthesfterbodyis streampressure(fig.8). Theexternal
pressurehag isthendefinedasthesumof thedragwisecomponentsof
thepressureforcesactingexternallyandinternallyon thebodyminus
theinternsldragresultingfromthetotal-pressurelossof a normal
shockassumedaheadoftheinlet.Thisrelationshipisgivenby the
followingexpression:

Dp=Fe +Fi -m(Vo -Vj)

TheforceFe wasobtainedby integrationof themeasuredpres-
suresactingon thenoseinletandthefree-strempressureassumedtobe
actingontheafterbody.In calculatingtheforce Fi,theinternal
flowwasassumedisentropicdownstresznfromthenormalshock.Theexit
areaof theinternal-flowductcouldthenbe calculatedasa functionof
inlet-velocityratiofromtheinternalmass-flowrateandtheassumption
offree-streampressureaciingat theexit. Giventheinternalmass-
flowrateandinlet-velocityratio,theresultantforce Fi acting
ontheinternalsurfaceofthebodywasthencalculatedfromthemomen-
tumandpressureoftheflowat theinletandexit:

. Fi = plAl- PoAj - dv~ - W.}

Theexternalpressure-dragcoefficientsofthethreenoseinlets
obtainedinthismannerareplottedinfigure8 as a functionof irilet-
velocityratio.Theexternalpressuredragcalculatedby thepreceding
methodisexactlyeq~ tothevsluegivenby thesumof theexternal
andadditivedragsof reference4.

Thepressure-dragcoefficientsoftwosolidbodieswithelliptic&1.
nosesarealsogiveninfigure8 forthesakeof comparison.These
dragcoefficientswerecalculatedwiththeassumptionofthesametype
ofhypotheticalafterbodyassumedforthenose-inletcalculations.
Obviously,fortheellipticalnoses,theafterbodywasclosedsothat
thepressure-dragcalculationbecamesimplyan integrationof the
measuredpressuresoverthenosesandthefree-streampressureassumed
actingovertheafterbody.Thedragcoefficientgiveninfigure8 for
theellipsoidfinenessratioof2.4wasobtainedfromintegrationof
thesupersonicpressuredistributionoftheellipticalnoseoffigure7.
Thedragcoefficientindicatedfortheellipsoidfinenessratioof 6.o
wasobtainedfromintegrationofthepressuredistributionfora Mach
numberof1.2overtheforebodyoftheellipsoidusedinthetestsof
reference5.

Inspectionof figure8 showsthat,overtherangeoftestinlet-
. velocityratio,-%heexternslpressure-dragcoefficientwasconsecutively

lowerforthenoseinletsof greaterlengthratio.Thenose-inlet

.
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lengthratiocannotby itselfserveasan indexofthepressuredrag,
butfortherangeof inletdiametersinvolvedinthethreenoseinlets

.

tested,thelengthratioisthemoredefinitiveparameter.Foreach
noseinlet,thedragcoefficientdiminishedwithincreasinginlet- .
velocityratio,buttendedto tiinishmoregraduallyatthehigher
inlet-velocityratios.Thepressure-dragcoefficientofthelongest
noseinletatusefulinlet-velocityratiosis showntobe withinthe
rangeofpressure-dragcoefficientforthetwosolidnoses.

Nose-Inlet- Central-BodyCombinations

Surfacepressuredlstributions.-Nose-inletpressuredistributions
aregiveninfigures6(b),6(c),and6(d)fortheNACA1-65-050nose
inletwithan ellipticalandtwoconicalcentralbodies.Pressuredis-
tributionsfortheNACA1-50-100noseinletwithanellipticalcentral
bodyaregiveninfigure6(f). Comparisonsofthenose-inletpressure
distributionsof theNACA1-65-05!2noseinletwiththosefortheinlet
fittedwitheachofthethreecentralbodiesareshowninfigures9
and10,asmeasuredinthesupersonicandsubsonictestsections,
respectively.A similarcomparisonisgivenfortheNACA1-50-100nose
inletinfigure11. Theinlet-velocityratiosgivenforthecomparison
of figures9 and11 arethelowestandhighestvaluesavailablefor
comparison,whereastheinlet-velocityratioof figure10wasselected
to obtaina pressuredistributionwithouta peakattheinletlip. The
additionof anyofthecentralbodiesat a giveninlet-velocityratio
ledto onlya smalleffectonthenose-inletpressuredistributionfor
allMachnumbers.Theapparenteffectof centralbodyA onthepressure
distributionoftheNACA1-65-050noseinlet(fig.10)isbelievedto
havebeencausedby a discrepancyintheangleofattackforthetestof
thiscentralbcdy. ThusthecriticalMachnumberofthenoseinletsmay
be assumedtobe thecriticalMachnumberof thenose-inlet- central-
bodycombinations.Furthermore,thesmalleffectofcentralbodieson
thepressurenearmaximumdiameterindicateslittleeffectof spinners
on thecharacteristicsof thesupercriticaldragrise.

.

.

Externaldrag.-Theexternaldragcoefficientispresentedfor
selectedMachnumbersasa functionof inlet-velocityratioinfigures12
and13fortheNACA1-65-050andNACA1-50-100noseinletswith&d
withoutcentralbodies.AtMachnumbersbelowtheMachnumberofthe
supercriticaldragrise,theeffectof inlet-velocityratioonthedrag
coefficientwassmallforallconfigurationsexcepttheNACA1-65-050nose
inletwithcentralbodyC (fig.12(d))andtheNACA1-50-100noseinlet
withcentralbodyD (fig.13(b)),forwhichcasesanappreciableincrease
indragresulted-whentheinlet-velocityratiowasreducedfromapproxi-
mately0.35tothelowesttestvalues.
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ComparisonsoftheexternaldragoftheNACAl-65-0~and
1-50-100noseinletswiththeexternaldragof theseinletsfitted
centralbodiesarepresentedinfigures14 and15. Thesecurves
obtainedfromfairedplotsillustratedinfiguresX2 and13,and

theimlet-velocityratioschosenforthecomparisonsarethelow&stand
highestvaluesforwhichthedatapermita satisfactorycomparison.‘The
measuredcritical.Machnumkersareindicatedforeachconfiguration.As
previouslymentioned,thecriticalMachnumbersindicatedforthelower
inlet-velocityratioswerenotaccuratelymeasurable.ThecriticalMach
numberindicatedforcentralbodyA at 0.2inlet-velocityratio(fig.14)
isbelievedtobe higherthanthoseindicatedfortheconicalcentral
bodiesandthenoseinletsloneasa resultof thesmll negativeangle
ofattack(-0.3°)forthetestofthiscentrslbody. As previously
inferredfromthepressure-distributionmeasurementsandas verifiedby
thedragcurvesfortheNACA1-65-050noseinletwithcentralbodiesB
andC (fig,14),thecentralbodieshadlittleeffectonthesuper-
criticaldragcharacteristics.Dragdataforthetestswithelliptical
centralbodiesarepresentedonlyup toMachnumbersslightlygreater
thanthecriticalMachnumberbecausea wake-surveyrakeof len@h
adequatetomeasuretheshocklosseswasnotavailableat thetimeof
thosetests.

.

.

Forbothinlet-velocityratiosandforMachnumbersbelowtheMach
nuniberof thesupercriticaldragrise,thedragcomparisonsoffigure14
indicatethattheexternaldragoftheNACA1-65-050noseinletwas
littleaffectedby thepresenceoftheellipticalcentralbodyA,whereas
thedragwasincreasedsomewhatby thepresenceof boththeconical
central.bodiesB andC. Theexternaldragof theNACA1->-100nose
inlet(fig.15)wasincreasedby thepresenceoftheellipticalcentral
bodyD forbothinlet-velocityratios. .

As ~ be shownlater,thehigherinlet-velocityratiosgivenfor
thedragcomparisonsof figures14and15 arelowerthantheminimum
valuesdesirablefromthestandpointof internal-flowpressurerecovery.
FortheMachnumberrangeextendingto slightlybeyondthecriticalhch
number,someindicationof theeffectof centralbodiesontheexternal
dragcoefficientathigherinlet-velocityratiosmaybe obtainedfrom
referenceto figures12 and13. Thehigherinlet-velocityratiosgiven
forthedragcomparisonsof figures14and15werelimitedby theimlet-
velocity-ratiorangeforthenose-inlet-alonetests.However,a con-
siderationoftheeffectsontheexternalpressuredistributionresulting
fromincreasingtheinlet-velocityratiobeyondthedesignminimumvalue
leadstothebeliefthat,fortheNACA1-65-050amdNACAl-~-100nose
inlets,littlechangewouldoccurinthedragcoefficientsiftheinlet-
velocityratiowereincreasedtothemaximumvsluesobtainedforthe
testswiththecentralbodies.TXthenthevaluesof thedragcoeffi-
cientsshowninfigures12(a)and13(a)forthehighesttestinlet-
velocityratiosandforMachnumbersbelowtheMachnumberofthe

.
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swpercriticaldragriseareextendedtohigherinlet-velocityratios,
itcanbe seenthatthesevaluesarelittledifferentfromthevalues
ofthedragcoefficientsmeasuredforthenose-inlet- central-body
combinationsat inlet-velocityratiosofapproximately0.4. Thisvalue
of inlet-velocityratiois slightlylowerthantheminimuminlet-velocity
ratioforunseparatedcentral-bodyflow,whichwillbe discussed
subsequently.

Internalflow.-Fornose-inlet- central-tidycombinations,a
minhmn inlet-velocityratioexistsbelowwhichthecentral-body
boundarylayerseparatesuudertheinfluenceofthepressureriseahead
oftheinlet.Minimuminlet-velocityratiosfortheNACAl-series
spinners,whicharesimilartoellipsoidalcentralbodies,aregiven
inreference2. Itwasfoundinreference2 thattheadversepressure
riseactingon thecentral-bodylmundarylayeraheadoftheinletcould
be reducedby theuseofa centralbodywhich,aheadoftheinlet,had
theshapeofa rightcircularcone.Fora giveninletdiameter,how-
ever,thevolumeofa conicalcentralbodyavailableforhousingpro-
pellerhubsorengineaccessorieswillbe lessthanthatofa conven-
tionalcentralbodywitha profilesimilsxto an ellipse.Thetwo
centralbodiesB iindC werethereforedesignedfortestswiththe
NACA1-65-050noseinletto determineifa modificationcouldbemade
to a conicalcentralbodyto increaseitsvolumewithoutseriously
affectingtheminhuminlet-velocityratioforunseparatedcentral-body
flow.

.

Theresultsoftheintezmel-flowtotal-pressuremeasurementsat
thestationsindicatedinfigure3 arepresentedforthe~AcA1-65-050
andNACA1-50-100nose-inlet- central-bodycombinationsinfigures16
and17. At thelowestinlet-velocityratiosforallnose-inlet- central-
bodycombinations,thetotal-pressurelossacrosstheannulusishigh
as a resultofflowseparationfromthecentral-bodysurfaceaheadof-the
inlet.As theinlet-velocityratioisincreasedandthebackpressure
actingonthecentral-bodyboundarylayerisreduced,thecentral-body
boundarylayerattachesandfollowsthesurfaceofthecentralbody
intotheinlet.Thusthegreaterpartoftheflowenterstheinletwith
no lossoftotalpressureforthesubsonicMachnunibersandwiththe
verysmallloss(lessthan0.018(~ - po))sustainedthroughtheshock
aheadoftheinletforthesupersonicMachnumbers.As theinlet-
velocityratiois increasedfurther,thecentral-bodyboundarylayer
becomesthinnerand,at stillhigherinlet-velocityratios,appreciable
lossesarisefromflowseparationfromtheinnersurfaceoftheinlet
lip(figs.16(c)and17). Thisflowseparation,whichmaybeccme
importantatthelowerpartoftheinletf-orhighanglesof attack,can
be avoidedby theuseofa thickerinner-lipfairing. ——.

.

.
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.

Theaveragetotal-pressure-losscoefficientoftheflowatthe
inletrakestationispresentedinfiguxes18 and19asa functionof
inlet-velocityratio.Forsomeconfigurations,thespacingofthe
tubesofthetotal-pressurerakewasnottheoptimum.Thevaluesof
total-pressure-losscoefficientmaynot,therefore,be accuratefor
conditionswhereappreciablecurvaturewasindicatedforthoseportions
ofthecurvesoffigures16 and17whichwereextrapolatedovera
relativelylargedistancetothecentral-bodysurface.Eowever,the
tubespacingisnotbelievedto havefundamentallyalteredtheshapes
oftheaveragetotal-pressure-loss-coefficientcurves.

As showninfigures18 and19,forallnose-inlet- central-body
combinationsat alltestMachnumbers,themintiumaveragetotal-
pressure-losscoefficientwassmall(lessthan0.03(E.- po)). The
total-pressurerecoveryofthesesubsonicinletswasthussensibly
unimpairedat thesupersonicMachnumberof 1.2.

A comparisonofthecurvesoffigure18fora Machnumberof0.8
indicatesthat,foreachconfiguration,as theinlet-velocityratiowas
reducedfromthemsxhmmtestvalue,theinlet-velocityratioatwhich
thetotal-pressurelossesbegantorisewasapproximatelythesame,but
thelossincreasewasmuchmoreabruptfortheconicalcentralbodiesB
andC. Theadditionoftheparaboliccurveto theprofileofthe
conicalcentralbodiesaheadoftheinletpresumablyabrogatedthe
advanta~sof thewhollyconicalcentralbodyby steepeningtheadverse
pressuregradientjustaheadoftheinletasa resultoftheinduced
velocitiesoverthecurvedparabolicsurface.

Thecentral-bodyboundarylayermayhavebeenIandnerat thepoint
of separationforthemodelsofthesetests.A lowerminimuminlet-
velocityratioforunseparatedcentral-bodyflowmightresulttherefore
ina full-scsleinstallationiftheReynoldsnumberandsurfacerough-
nessweresuchas to induceboundary-layertransitionaheadofthe
separationpoint.

Thedashedcurvesoffigures18 and19wereinterpolatedfrom
unpublisheddatagatheredforNACAl-seriesspinnersintheinvestigat-
ion reportedinreference2. Thesecurveswereinterpolatedfrom
total-pressuremeasurementsJustinsidetheinletfortwospinnersof
theproportionsofthetwoellipticalcentralbodiesofthepresent
tests. SincethereislittledifferenceinNACAl-seriesorelliptical
profileswhenappliedto givencentral-bodyproportions,no significant
differencesareexpectedintheaeromc characteristicsof central
bodieswitheitheroftheseprofiles.Althoughthedashedcurvesof
figures18and19 wereobtainedfrommeasurementswithanNACA1-85-050
andanNACA1-5’5-050noseinlet,respectively,reference2 hasshown

. that,whenthedistancefromthecentral-bodysurfacetotheinletlip
is0.075Dorgreater,central-bodyflow-separationcharacteristicsaxe
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essentiallyindependentoftheproportionsof thenoseinlet.The
ticksshownonthecurvesdenotetheminimuminlet-velocityratiofor
unseparatedspinnerflowas specifiedinreference2.

.

.
No largedifferenceswerefoundintheaveragetotal-pressure-loss

curvesoftheellipticalcentralbodiesofthepresenttestsandthe
NACAl-seriesspinnersof reference2 forwidelydifferentMachnumbers
(figs.18(a)and19). Thedisagreementshowninfigure19betweenthe
dataat 0.13Machnumberandthedatapointat thelowestinlet-velocity

--

ratioat0.4Machnumberisprobablydueprincipallyto thedifference
inReynoldsnumber.Theminimuminlet-velocityratioforwhichthe
total-pressurelossesremainednearminimumlevelsdecreasedappreciably,
however,fortheconicalcentralbodiesB andC,whentheMachnumber
wasincreasedfrom0.8to 1.2(figs.18(b)and18(c)).

Fromfigure18(a),itis indicatedthatthelow-speedmeasurement
oftheminimuminlet-velocityratioforunseparatedcentral-bodyflow
giveninreference2 isdirectlyapplicableatMachnumbersextending
up to 1.2. Thevalidityof thelow-speedminimuminlet-velocityratio
forhigherMachnumbersisnotas reliablyestablishedinfigure19,
butifthereisa differenceinthelow-speedminimuminlet-velocity
ratioindicatedby thetickandtheinlet-velocityratioofthetotal-
pressure-lossincreaseathigherMachnumbers,thedifferencecannot
be large.

CONCLUSIONS

Thefollowingconclusionsaredrawnfroman investigationofthree
NAC!Al-seriesnoseinletsandfournose-inlet- central-bodycombinations
at subsonicMachnumbersandata supersonicMachnuniberof 1.2:

1.Forthenoseinlets,theexternalpressure-dragcoefficientat
a Machnumberof1.2wasconsecutivelylowerforthenoseinletsof
greaterlengthratio.Theexternalpressure-dragcoefficientforthe
longestnoseinletwasintherangeofpressure-dragcoefficientfor
twosolidnosesoffinenessratio2.4and6.o.

2.ForMachnumbersbelowtheMachnuniberof thesupercrlticaldrag
ri$e,extrapolationofthetestdataindicatedthattheexternaldrag
ofthenoseinletswaslittleaffectedby theadditionof centralbodies
at or slightlybelowtheminimuminlet-velocityratioforunseparated
central-bodyflow.

3. Theadditionof centralbodiesto thenoseinletsledtono
appreciableeffectsoneithertheMachnumberofthesupercriticaldrag

.

.

.—

.

.
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. riseor,forinlet-velocityratioshighenough
attheMet lip,onthecriticalMachnumber.

to avoida pressurepeak

4.Thetotal-pressurerecoveryoftheinletstested,whichwereof
a subsonictype,wassensiblyunhrpairedat a Machnumberof1.2.

5. A comparisonoftheinlettotal-pressurelossesforanelliptical
sndtwoconical-typecentralbodiesshowedthattheminimuninlet-
velocityratiobelowwhichtheinlettotal-pressurelossesbeganto
risewasapproximatelythesame,butthelossincreasewasmuchmore
abruptfortheconicel.-typecentralbodies.

6. Low-syeedmeasurementsoftheminimuminlet-velocityratiofor
unseparatedcentral-bodyflowappeartobe applicableforMachnumbers
extendingup to 1.2.

LangleyAeronautics.Laboratory,
National.AdvisoryCommitteeforAeronautics,

LsngleyFi.eld,Vs.,~~~y 6,1950.
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(a)Modeland wake-surreyrakein subsonictestsection.
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